Abstract -The aim of this paper is to investigate whether Islamic banks are more stable than conventional banks. To measure the financial stability, we compute the z-score for a sample of banks in 16 countries where Islamic and conventional banks coexist over the period [2000][2001][2002][2003][2004][2005][2006][2007][2008]. We use a robust estimation for analyzing data that are contaminated with outliers and leverage points in the data. We use also a quantile estimation to allow us to address the question whether the factors that cause high fragility are systematically different from the factors that cause medium or low fragility. This empirical analysis explores causes of insolvency risk between Middle East and North Africa and South East Asian countries. Finally, by controlling for various factors and by favoring a comparative analysis between the regions, this article is an extension of the study begun by Čihák and Hesse (2010) .
INTRODUCTION
Emerging financial markets often include Islamic financial services. The International Organization of Securities Commissions predicts that as much as half of the savings of 1.2-1.6 billion Muslims will be in Islamic financial institutions in 2015 (Imam and Kpodar, 2010) . These services can be expected to enhance growth in these markets because of the positive relationship between market liquidity and economic growth (Rajan and Zingales, 1998; Levine and Zervos, 1998; Levine, 2005) .
1 Financial development, including emerging Islamic financial services, needs to be orderly and will be adversely affected by adverse macroeconomic or financial shocks. It is therefore interesting to analyse how and why an Islamic banking system might be affected by and respond to these shocks differently from conventional banking systems. This empirical study identifies the key differences between Islamic and conventional banks.
The literature focusing on Islamic finance from the viewpoint of distress and insolvency is not very abundant. A large body of descriptive literature discusses risks in Islamic banking (Sundararajan and Errico, 2002; Grais and Kulathunga, 2006; Grais and Pellegrini, 2006) but does so in theoretical terms, while empirical papers focus on Islamic and conventional banking efficiency (Yudistira, 2004; Hamim, Naziruddin and Syed, 2006; Abdul-Majid, Saal and Battisti, 2010) . The role of Islamic banks in financial stability has been analyzed in a consistent, cross-country, empirical fashion in 16 countries between 1993 and 2004 (Čihák and Hesse, 2010) . 2 These authors tried to identify whether market share of Islamic banks has a significant impact on the financial strength of conventional banks, arguing that Islamic financial institutions pose a risk to the financial system that in many regards differs from those posed by the conventional financial system. They used the asset structure (ratio of total loans to total assets) as a proxy for the credit risk. We note the absence of a variable such as a proxy for interest rates risks in their analysis. This article is an extension of the study begun by Čihák and Hesse (2010) .
We study the factors determining failures for both conventional and Islamic banks in MENA and in Southeast Asian countries. For each of the regions in our sample, we estimate a separate robust and quantile regression for the period [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] . We show that despite risk management, credit risk measured by the ratio of loan loss provisions to net interest income decreases the z-score in small Islamic banks in MENA countries and large Islamic banks in Southeast Asian countries. The suggested explanation is that Islamic banks in these countries tend to have problems monitoring credit risks. Our results demonstrate that income diversification is a factor of insolvency for small and large Islamic banks in Southeast Asian countries. We find that in Southeast Asian countries, large Islamic and conventional banks cannot coexist in a competitive market without creating crowding out effects. Using the z-score as a measure of bank-specific stability, we find that in general Islamic banks' z-scores are on average higher than those of conventional banks (indicating higher stability than conventional banks). This is not true however for small Islamic banks.
The structure of this paper is as follows. Section 2 discusses our methodology, and introduces the variables and data used in the paper (characterized in more detail in appendix 1). Section 3 presents the empirical results. Section 4 summarizes the conclusions, and suggests topics for further research.
METHODOLOGY AND REVIEW OF LITERATURE

Banking Stability Measure
We define a measure of the distance-to-default, the z-score, which measures the market value of a bank's assets in relation to the book value of its liabilities. The z-score indicates the distance from insolvency combining accounting measures of profitability, leverage and volatility.
3 Our primary dependent variable is the z-score as a measure of individual bank risk. The z-score has become a popular measure of bank soundness (Beck, Demirgüç-Kunt and Merrouche, 2010; Čihák and Hesse, 2010) . The z-score is inversely related to the probability of a bank's insolvency, i.e., the probability that the value of its assets will become lower than the value of the debt. A higher z-score corresponds to a lower risk of insolvency.
Inspired by Čihák and Hesse (2010) , we attempt to establish a relation between z-score and a number of relevant macro and bank-specific indicators. For that purpose and in order to get more insight into insolvency risk developments, we estimate a robust and quantile regression in MENA and Southeast Asian countries. 4 Because bank size is an important factor in some of the existing papers on bank soundness, we subdivide banks into large and small Islamic and conventional banks. The z-score is calculated by using individual banks. Dependent variable, z-score of bank i at time t, is: (1) 3 We use the z-score and not a form of probit/logit to see how Islamic banking failure differs from conventional banking failure. It was not the focus of our study given that one typically has only a small number of bank failures and especially for Islamic banks. The z-score measures are being applied at aggregate (sectoral, regional or country) levels, rather than individual bank ones. Strobel (2010) demonstrates that aggregate bank insolvency risk measures that are constructed using the mean of individually calculated z-score measures are inherently biased. The other advantage of using the z-score as a measure of bank stability is that it is based on accounting rather than on market data. 4 Islamic jurisprudence is based on different schools that may vary from country to country (the Shiah branch and the Sunni branch, which in turn includes the Madhahib, Shafie, Hanafi, Hanbali and Maliki traditions) . A typical example is the controversy regarding the Bay al Dayn (debt trading), which is rejected by some Middle East scholars on the grounds that it involves riba (interest). Islam prohibits the trading of debts, unless it is at par value.
where E(ROAA) i,j,t stands for expected return on average assets, σ(ROAA) i,j,t denotes standard deviation of return on assets; (ROAA) as a proxy for return volatility; eq i,j,t is bank's equity and reserves; ta i,j,t is bank's assets. The z-score measures the number of standard deviations a return realization has to fall in order to deplete equity, under the assumption of normality of banks' returns.
Regression Analysis
Our approach is mainly to test whether Islamic banks are more or less stable than conventional banks, using regressions of z-scores as a function of a number of variables. We aim to define an insolvency model of the form:
Where the dependent variable is the z-score (Z i,j,t ) for bank i in country j at time t; B I,J,t-1 is a vector of bank-specific variables; I J,t-1 contains time-varying industry-specific variables T S and T S I J,t-1 are the type of banks and the interaction between the type and some industry-specific variables; M J,t-1 denotes macroeconomic variables. Finally, i,j,t is the residual.
Control Variables
The risk of insolvency may be due to factors either internal or external to the bank, such as macro-economic factors, market structures, institutional factors such as regulations and governance indicators (Čihák and Hesse, 2007; . The list of explanatory variables used in regressions incorporates a number of possible risks and bank characteristics discussed in the literature. These are divided into three groups: (i) bank specific variables from bank balance sheets and profit and loss accounts, (ii) national banking sector data and (iii) macroeconomic variables. To distinguish the impact of bank type on the zscore, we include a dummy variable that takes the value of 1 if the bank in question is an Islamic bank and 0 otherwise (i.e., if it is a conventional bank).
5 In order to control for bank specific characteristics, the regression includes a number of other control variables to separate the impact on financial stability of the Islamic nature of a bank from the impact of other bank-level characteristics, from macroeconomic and other system-level influences.
We include the bank's asset size logged, capital-asset-ratio loans over assets, credit risk, cost-income ratio and liquidity risk. The logarithm of total assets is used as a proxy for bank size, whereas share of loans to assets describes bank asset structure. 6 As a robustness check, we add the ratio of loan loss provisions to net interest income (credit risk). We expected that a higher ratio would 5 If Islamic banks were relatively weaker than conventional banks, the dummy variable would have a negative sign in the regression explaining z-score. 6 The asset structure can be interpreted as the profitability potential (as the return on loans is in general higher than on other investments such as government bonds or deposits) as well as the credit risk.
increase the bank insolvency risk. However, this sign might be ambiguous too, as higher loan loss provisions could reflect banks' precautionary reserve building as well as high non-performing loans. Both proxies represent the risk profile of the bank. We interacted a credit risk variable with the Islamic bank dummy because there are differences between Islamic and conventional banks.
For cost efficiency, the cost to income ratio has been used as an indicator of bank cost efficiency. This is a simple measure indicating how well banks manage their total costs (such as overhead expenses) relative to their income; higher values indicate more inefficiency. The cost to income ratio is an efficiency measure similar to operating margin. Unlike the operating margin, lower is better. The cost income ratio is most commonly used in the financial sector. Liquidity risk is measured as a ratio of liquid assets to deposits and short-term funding.
7 Lack of liquidity can lead to large losses in asset/liability portfolios and it can generate financial distress and insolvency. In general, liquidity reserves promote financial soundness; on the other hand, excess liquidity undermines efficiency and profitability. Originally developed by Laeven and Levine (2007) , income diversity captures the degree to which banks diversify from traditional lending activities (those generating net interest incomes) to other activities. In Islamic banks, the net interest income is generally defined as the sum of the positive and negative income flows associated with the Profit and Loss Sharing (PLS) arrangements. Total operating income of a bank can be classified as interest income and noninterest income (other operating income). Net interest income measures income from traditional interest earning activities. Other operating income measures non-interest earning activities and consists of commissions, fees, as well as trading and asset management income. A higher value of variable income diversity corresponds to a higher degree of diversification. When a bank's income diversity equals one, it fully diversifies its earnings between interest income and non-interest income. When a bank's income diversity equals zero, it is specialized and exclusively engages in either earning interest income or non-interest income. Consequently, an insight into how specific bank characteristics such as levels of revenue diversification interact with bank insolvency risk is of particular interest. We interacted the income diversity variable with the Islamic bank dummy because there are differences between Islamic and conventional banks.
In addition to bank-by-bank data, we incorporate country-specific control variables, using a number of variables that take the same value for all banks in a given year and country. We follow Schaeck and Čihák (2010) by using the inflation rate, the official exchange rate and real gross domestic product growth, since macroeconomic developments are likely to affect the quality of banks' assets, as well as the level of bank capitalization. First, we use real GDP growth rate where we expect higher growth to reflect better conditions for financial stability. An important variable influencing z-score is the economic activity in the country. Next, we use inflation and official exchange rates, assuming that price and exchange rate stability contribute to the profitability and stability of the banking sector.
We adjust for the impact of the macroeconomic cycle by including LI-BOR. 9 Islamic banks often benchmark the pricing of their instruments to LI-BOR. The value of assets such as a deferred sale and lease transaction will vary with the distance between the price at which they were issued and market changes in the benchmark.
10 LIBOR changes affect an Islamic bank income statement in the same way they do with a conventional bank depending on the share of the balance sheet linked to the benchmark (Chapra and Ahmed, 2002) . Finally, interest rate risk measured by 6-month LIBOR was included in the model to control effect on bank stability. We interacted this with the Islamic bank dummy. Čihák and Hesse (2010) find that the market share of Islamic banks does not have a significant impact on the financial strength of commercial and Islamic banks. Beck, Demirgüç-Kunt and Merrouche (2010) argue that the conventional banks in countries with a higher market share of Islamic banks were less stable. Market share measured as bank assets over total banking sector assets is used as the proxy for market power (Berger, 1995) . At the systemic level, we examine the conventional banks' impact on Islamic banks and the hypothesis that the presence of conventional banks lowers systemic stability. For this reason, we have calculated the market share of conventional banks for each year and country and interacted it with the Islamic bank dummy. A negative sign for the interaction of the conventional market share and the Islamic bank dummy would indicate that a higher share of conventional banks reduces their soundness (reduces their z-scores). We try to capture the possible impact of banking sector concentration on risk-taking behavior by including the Herfindahl-Hirschman index in the model.
11 Regarding country-specific factors, we include the concentration level, 9 The level of domestic interest rates can also influence banks' risk (Dell' Ariccia and Marquez, 2006; Maddaloni and Peydró, 2011; Borio and Zhu, 2012) . 10 In profit and loss sharing arrangements, the rate of return on financial assets is unknown before to undertaking the transaction. In purchase-resale transactions, a mark-up is determined based on a benchmark rate of return, typically a return determined in international markets such as LIBOR. Islamic financial institutions' balance sheets are exposed to variations of rates of return linked to LIBOR. An increase in LIBOR leads to an increase in the mark-up charged on new transactions and expected returns by investment account holders, compared to the earnings from long-term investments. 11 The Herfindahl-Hirschman index is an economic concept widely applied in competition law, antitrust and technology management. It is the sum of squared market shares (in terms of total assets) of all banks in the country. The index can have values from 0 to 1, moving from a huge number of banks to a system with only one bank. An increase in this index indicates a decrease in competition and an increase of market power, whereas decreases indicate the opposite.
measured by this index for each country and year, to account for cross-country variation in financial stability caused by differences in market concentration.
Included in the institutions are the process by which governments are selected, monitored and replaced, the capacity of the government to effectively formulate and implement sound policies and the respect of citizens and the state for the institutions that govern economic and social interactions. We expect that banks are more likely to grow in environments where the indicators of governance are built on a solid foundation and might have an effect on banking risk. Furthermore, we controlled for the effect of the institutional environment by using the governance indicators compiled by Kaufmann, Kraay and Mastruzzi (2010) .
12 This indicator captures cross-country differences in institutional developments that might have an effect on banking risks.
All explanatory variables are lagged one year (-1) to capture the possible past effects of these variables on the banks' individual risk. To do that, we estimate the same regressions for different bank sizes between MENA and Southeast Asian countries. We had no a priori assumptions on the sign of coefficients on these variables as they can all affect bank solvency positively or negatively.
To avoid the impact of outliers, we start by a robust estimation for analyzing data that are contaminated with outliers and leverage points in the data. The robust estimation technique assigns lower weights to observations with large residuals, thereby making the estimation less sensitive to outliers, followed by a quantile estimation to allow us to address the question whether the factors that cause high fragility are systematically different from the factors that cause medium or low fragility (Čihák and Hesse, 2007) . Several interpretation issues are discussed in detail.
The Data
Our balance sheets and profit and loss accounts data stem from Bureau van Dijk's BankScope database. The BankScope data cover 80-90 percent of the banking systems in terms of total assets. 13 Our sample covers 467 conventional banks and 90 Islamic banks for the period 2000-2008 in the following 16 countries: 6 Southeast Asian countries and 10 MENA countries (alphabetically ordered): Bahrain, Bangladesh, Brunei, Egypt, Indonesia, Jordan, Kuwait, Malaysia, Pakistan, Qatar, Saudi Arabia, Singapore, Tunisia, Turkey, United Arab 12 The Worldwide Governance Indicators (WGI) project reports governance indicators for 213 economies over the period 1996-2009. Indicators of governance include voice and accountability, political stability, government effectiveness, regulatory quality, the rule of law, and control of corruption. 13 To decide whether a bank is commercial or Islamic, we have used the BankScope classification as a starting point. BankScope defines Islamic banks as being members of the "International Association of Islamic Banks" plus 20 non-member banks are considered to be "Islamic" by Fitch Ratings. In the BankScope database, some Islamic banks are mistakenly categorized as conventional banks and some as investment banks. The data set does not differentiate between conventional banks with Islamic windows and other conventional banks.
Emirates and Yemen. We have estimated the regressions without Pakistan. It had no significant impact on our main results. We exclude banking systems that are entirely Islamic -Iran and Sudan -from the sample. We have included in conventional banks savings banks and cooperative banks. Some conventional banks have opened dedicated Islamic branches conducting business according to Islamic banking principles. We therefore focus only on the comparison of fully-fledged Islamic banks and conventional banks.
Table 1. Number of Observations by Specialisation and Sub-Samples
Analysis of the sub-samples might show the possible impact of differences in risks of Islamic banks versus conventional banks. Since bank size is an important factor in bank soundness, we subdivide banks into large and small Islamic banks and large and small conventional banks (using total assets of US$ 1 billion as the cut-off point between small and large banks). The threshold has been used in previous research on small and large banks (Čihák and Hesse, 2007; . In total, we have up to 2740 observations (414 Islamic banks and 2326 conventional banks). Our sample covers conventional banks (84.89 %) and Islamic banks (15.11%) as shown in table 1. 14.21 % of the Islamic banks and about 85.79 % conventional banks fall into the large bank category. 16.14 % of the Islamic banks and 83.86 % of the conventional banks fall into the small bank category.
EMPIRICAL RESULTS
Descriptive Statistics and Pairwise Comparisons
As a preliminary step in the analysis, we present a comparison of z-scores for various subgroups. Table 2 below illustrates that the treatment of outliers is important.
14 If the outliers were not included, the result for large conventional 14 banks would be reversed (because there are some large conventional banks with extremely high z-scores). In the presence of outliers, ordinary least square estimation can be biased. Because the least squares predictions are dragged towards the outliers, and because the variance of the estimates is artificially inflated, the result is that outliers can be masked. A robust regression is an important tool for analyzing data that are contaminated with outliers and leverage points in the data. A preliminary look at the z-scores suggests high variability in the sample, with a z-score varying from -12.47 to 1614.3. The average is 25.62 for conventional banks with a maximum of 1614.3. The average for Islamic banks is of 33.61 with a maximum of 1002.7. 15 Whatever the sample, Islamic banks' zscores are on average higher than those of conventional banks (indicating higher stability than conventional banks).
Table 2. Descriptive Statistics and T-test Value of Z-score by Specialisation
F Value []. T Value (). P values: * Significant at 10%; ** significant at 5%; *** significant at 1%.
The statistical tests in the table 2 indicate whether the mean for z-score is the same for conventional and Islamic banks. The statistical test for the equality of means is reported for both equal and unequal variances. Both tests indicate evidence of a significant difference between z-scores, except for small Islamic banks (for the pooled and for the Satterthwaite tests). These tests assume that the observations are normally distributed. The equality of variances test does indicate a significant difference in the variances. The results indicate that there is a statistically significant difference between the mean z-score for conventional and Islamic banks. In other words, Islamic banks have a statistically signifi- 15 These comparisons of z-scores between banks are useful, but may overlook some additional factors that explain bank-to-bank variation in z-scores. We will therefore examine this issue more formally using robust and quantile regression analysis. 
Regression Analysis
To separate the financial stability impact of the Islamic nature of a bank from the impact of other bank-level characteristics, and from macroeconomic and other system-level influences, we turn to regression analysis, following the methodology described in section 1. We run several specifications between MENA and Southeast Asian countries. The results for the robust estimation technique, which assigns lower weights to observations with large residuals, thereby making the estimation less sensitive to outliers, are shown in the tables 3 to 11, while table 12 shows results of quantile estimation technique.
The regressions do not confirm the result from the comparison of z-scores in table 2. We find that large Islamic banks tend to be more stable than large conventional banks, while small Islamic banks tend to be less stable than small conventional banks. The sign of the Islamic dummy variable is predominantly positive in Southeast Asian countries, significant in the regressions for large banks at the 1 percent level in the specifications (1) (2) and (4). The regressions show that in MENA countries small Islamic banks are less stable; the sign of the Islamic dummy variable is negative at the 1 percent level in the specifications (3) and (4). Nevertheless, in Southeast Asian countries, the results for small Islamic banks become less clear-cut, reflecting the opposite signs in the specifications (1) and (2). The bank's asset size logged is on average positively related to bank stability at the 1 and 10 percent levels in the full sample and large banks in MENA and Southeast Asian countries. The slope coefficient is predominantly positive at the 1 and 5 percent levels; except for small banks in MENA and Southeast Asian countries, where the results are negative at the 1 and 5 percent levels. The bank's asset size logged is on average negatively related to bank stability for small banks.
Whatever the sample, our econometric results indicate that a higher costto-income ratio has a consistently negative link to the z-scores in all specifications at the 10, 5 and 1 percent levels. Our results show that higher liquidity increases bank stability; the results are significant at the 1, 5 and 10 percent levels. The impact of the liquidity risk does explain much of the variation in zscores, so we can clearly drawn conclusions about the association between liquidity and stability. Robust P values in parentheses * Significant at 10%; ** significant at 5%; *** significant at 1%. Robust P values in parentheses * Significant at 10%; ** significant at 5%; *** significant at 1%. Robust P values in parentheses * Significant at 10%; ** significant at 5%; *** significant at 1%. We find that a higher share of loans in the asset structure contributes to increasing bank insolvency for large banks in MENA countries in specification (3) at the 10 percent level. The slope coefficient is consistently negative for small banks in Southeast Asian countries in all specifications and significant at the 1 percent level. Nevertheless, a higher share of loans contributes to decreasing bank insolvency for large banks in Southeast Asian countries in all specification at the 1 percent level. The slope coefficient is consistently positive for small banks in MENA countries in specification (3) at the 1 percent level.
Estimates of regression coefficients are reported in the following model:
( ) ∑ ∑ ∑
This table reports the regression results for the robust estimation with sample splits between MENA and Southeast Asia countries. The dependent variable is the z-score, a high index means a low bank insolvency risk exposure; thus the relationship between independent variables and bank insolvency risk exposure is reversed from the sign in this table. If Islamic banks were relatively weaker than conventional banks, the dummy variable would have a negative sign in the regression explaining z-scores. A negative sign for the interaction of independent variables and the Islamic bank dummy would indicate that a higher value reduces their soundness (reduces their zscores).
Estimates of regression coefficients are reported in the following model:
Our assumption that credit risk contributes to the instability of the Islamic banking sector is confirmed for large banks in Southeast Asian countries. The results are negative in specifications (1), (2), (3) and (4) at the 1, 5 and 10 percent levels. The results indicate that credit risk for small Islamic banks in MENA countries is on average negatively related to bank stability in specifications (1) and (2) at the 5 percent level. Our results indicate that credit risk for large Islamic banks in MENA countries is positively related to bank stability in specifications (3) and (4) at the 10 percent level. Islamic banks have the greatest exposure to credit risk. This risk would increase if lending were to expand rapidly before quality deteriorates. We find a negative relationship between z-score seems to be inversely related to credit risk, probably due to the absence of enhanced screening and monitoring of borrowers. This might suggest that Islamic banks in a given period reflect non-performing loans rather than good risk management practice.
Our results are consistent with Čihák and Hesse (2010) . These authors show that the smaller banks tend to focus on lower risk investments, whereas more PLS financing is conducted by large Islamic banks. The suggested explanation for these characteristics is that Islamic banks tend to have problems monitoring credit risks when the business becomes bigger and therefore more complex. The limits of this credit risk management at a larger scale mean problems with moral hazard. Thus, potential distress continues to be a poor portfolio risk management, despite the prudential regulation or a lack of attention to changing external circumstances that can adversely affect the credit standing of a bank's counterparties. Ariss (2010) finds that between 2000 and 2006, Islamic banks allocated a significantly greater share of their assets to financing compared to conventional banks, implying a greater exposure to credit risk. 17 In turn, Islamic banks balance the higher portfolio risk with significantly lower financial risk through higher capitalization levels.
Our econometric results show that the evidence regarding the impact of revenue diversification on insolvency risk in each region and group is mixed. There is a significant difference in terms of income diversity between Islamic and conventional banks (large or small) in each region. With a strongly positive coefficient, greater income diversity tends to increase z-scores in large and small Islamic banks in MENA countries at the 1, 5 and 10 percent levels, suggesting that a move from lending-based operations to other sources of income might improve stability in those banks. Greater income diversity tends to decrease z-scores for large and small Islamic banks in Southeast Asian countries; the coefficient is strongly negative and significant in several specifications at the 1 and 10 percent levels. A move from lending-based operations to other sources of income might increase the insolvency risk in Islamic banks.
Our use of the GDP as variable is intended to capture the effect of macroeconomic conditions (business cycles) on z-score. As expected, GDP growth is positive for the full sample in Southeast Asian countries and for large banks in MENA countries; the results are significant at the 1 and 5 percent levels, suggesting a business cyclical behavior of z-scores in these countries, except for small banks in MENA countries, where the results are significant and negative at the 1 percent level. Consumer price inflation leads to banking instability as shown by its negative coefficient which is significant at the 1 percent level for large banks in Southeast Asian countries. Nevertheless, the coefficient is positive and significant at the 1 percent level for small banks in Southeast Asian countries. The official exchange rate plays a particularly important role in financial instability as shown by its significant negative coefficient for large banks in Southeast Asian countries at the 5 percent level, except in MENA countries.
Our econometric results indicate that with a negative coefficient; an increase in LIBOR leads to a decrease in z-scores in small Islamic banks in Southeast Asian countries at the 5 percent level. In a dual system, Islamic banks' balance sheets in Southeast Asian countries are exposed to variations of rates of return linked to LIBOR despite operating on interest-free principles. For large Islamic banks in MENA countries, our result indicates that the interest rate risk is significant at the 5 percent level with a positive coefficient. Consequently, an increase in LIBOR leads to an increase in z-scores in large Islamic banks in MENA countries.
For large banks in MENA and Southeast Asian countries, a higher presence of conventional banks in a banking system has a positive impact on zscores at the 1 and 10 percent levels. Finally, conventional banks contribute to the overall stability of a banking system. For small banks in Southeast Asian countries, we can clearly observe the association between a presence of conventional banks and instability. The coefficients are negative in the specifications (2) and (4) at the 1 percent level. The interaction between the market share of conventional banks and the Islamic banks dummy indicates that a higher presence of conventional banks does have a significant negative impact on z-scores of large Islamic banks in Southeast Asian countries at the 5 percent level. This result could be justified by the asynchronous reactions of conventional banks which certainly affect the overall stability of a banking system by increasing systemic risk. Our results indicate that in Southeast Asian countries, large Islamic and conventional banks cannot coexist in a competitive market without crowding out effects. Finally, we find that the presence of conventional banks has a positive impact on the soundness of small Islamic banks in MENA countries, where the results are significant in the specifications (3) and (4) at the 1 percent level.
MENA countries recorded a substantial decrease of concentration in banking sectors during the last decade.
18 Looking at the movements in rolling coefficients, we find that a higher concentration in the banking sector contributed to instability. For small banks, the impact of the Herfindahl-Hirschman index is significantly negative in Southeast Asian countries at the 1 percent level. However, as concentration later decreased, this relation finally became negative in Southeast Asian countries, suggesting that a lower concentration with stronger competition in the banking sector contributed to lower insolvency risk. This is in line with the literature on banking sector concentration and stability that finds higher concentration to be associated with lower stability (Boyd, de Nicoló and Jalal, 2006; Schaeck, Čihák and Wolfe, 2009) . For large banks in Southeast Asian countries, the findings are the opposite, where a higher level of concentration increases the z-score in all specifications at the 5 and 10 percent levels. Southeast Asian countries recorded a substantial increase of banking sector concentration during the last decade.
19 Concentration in banking sectors is positively associated with stability in large banks. This result suggests that large banks should increase their size through mergers and acquisitions in order to achieve economies of scale and avoid failures. A higher concentration with weaker competition contributed to lower insolvency risk. This is in line with some other studies exploring the same relation in a much broader sample of banks (Carletti and Hartmann, 2003; Allen and Gale, 2004) .
The governance variable tends to be strongly positive in all regressions in which it is entered, suggesting, as expected, that better governance is correlated with higher z-scores. 20 Our results are significant at the 1 percent level, except for small banks in MENA countries. 21 Thus, the quality of institutions as measured by the governance variable does not statistically influence the insolvency for small banks in MENA countries. Unlike studies that have found that institutions matter for financial risk (Čihák and Hesse, 2010) , we find that insolvency appears impervious to the quality of the institutional environment in MENA countries. It may be that regardless of the institutional environment, the way Islamic banks are permitted to behave is driven by relatively strict Sharia law, 18 Over the last two decades MENA countries, as well as much of the developing countries, have experienced a wave of liberalization of the financial sector. 19 An increase in concentration can be related to the process of consolidation and restructuring. Due to the severe impact of the 1998-2001 East Asian financial crisis, the Bank Negara Malaysia forced mergers to consolidate the banking sector. 20 We did not think it was necessary to lag the governance variable. It did not have an impact on the results as it does not change much year to year. 21 Here Sharia Supervisory Boards were extremely cautious in their advice, and sometimes even obstructive. The quality of institutions does not matter, probably because the often higher hurdle set by Sharia law trumps the quality of local institutions in most countries (Imam and Kpodar, 2010) . making the institutional environment less important than for banks in Southeast Asian countries and large banks in MENA countries.
Finally, we introduce a methodological advance using quantile regression to allow us to address the question of whether the factors that cause high fragility are systematically different from the factors that cause medium or low fragility. 22 Quantile regression (table 12) can be considered superior to the previously used estimation techniques since it provides more precise estimates of the impact of the determinants of insolvency.
Given that our sample includes outliers, to control the skewness of the distribution of the z-score, the model specification includes a logarithm of the zscore which is normally distributed to smooth out higher values of the z-score. The logarithm of the z-score is most closely related to the odds of insolvency rather than the probability of insolvency itself (Strobel, 2011) . Consequently, we use the logarithm of z-score, although this does not help the quantile regression fit, it helps with statistical inference (Chen, 2005) . The model setup is the same as for the full sample with the same variables included in MENA and Southeast Asian countries.
The model with the z-score logged shows that in Southeast Asian countries, the median Islamic banks have a higher z-score than the conventional banks. The result is significant at the 10 % level. Greater income diversity tends to increase z-scores on the weakest Islamic banks in MENA countries at the 5 % level. In Southeast Asian countries, greater income diversity tends to decrease z-scores on the weakest, median and strongest Islamic banks at the 1, 5 and 10 % levels. The coefficients of the credit risk and its interaction with the Islamic bank dummy in MENA countries show that credit risk has a positive effect on the median Islamic banks. The result is significant at the 5 % level.
CONCLUSION
These analyses are the first to compare empirically the risk of insolvency of Islamic banks with conventional banks in MENA and Southeast Asian countries. The relative financial strength of Islamic banks is assessed empirically based on evidence covering individual Islamic and conventional banks in 16 banking systems which have a substantial presence of Islamic banking. We find that Islamic banks' z-scores are on average higher than those of conventional banks (indicating higher stability than conventional banks), except for small Islamic banks. Our results are different from those found by Čihák and Hesse (2010) . These authors tried to see if market share of Islamic banks has a significant impact on the financial strength of conventional banks, arguing that 22 The 50th percentile gives the median least square estimator which minimizes the median square of residuals rather than the average. In the generalized quantile regression, we estimate an equation describing a quantile other than the median. Specifically, we estimate the first quartile (25th percentile) as well as the 75th percentile.
Islamic financial institutions pose a risk to the financial system that in many regards differs from those posed by the conventional financial system.
We know that Islamic banks may fail. The main contribution that we hope our work makes is to promote overall a better understanding of various biases that may affect theses failures. We observe that different causal links analyzed give us new tools for the apprehension of risks in Islamic financial institutions. Our findings demonstrate that credit risk and income diversity are the most common cause of insolvency for Islamic banks. We have shown that despite risk management, credit risk measured by the ratio of loan loss provisions to net interest income decreases the z-score in small Islamic banks in MENA countries and large Islamic banks in Southeast Asian countries. The suggested explanation is that Islamic banks in these countries tend to have problems monitoring credit risks. Our findings demonstrate that income diversification is a cause of insolvency for small and large Islamic banks in Southeast Asian countries. A move from lending-based operations to other sources of income might increase the insolvency risk in Islamic banks in Southeast Asian countries while a move from lending-based operations to other sources of income might improve stability for large and small Islamic banks in MENA countries. Our econometric results indicate that an increase in LIBOR leads to a decrease in z-scores in small Islamic banks in Southeast Asian countries. Islamic banks in Southeast Asian countries are exposed to variations of rates of return linked to LIBOR despite operating on interest-free principles. Our results indicate that in Southeast Asian countries, large Islamic and conventional banks cannot coexist in a competitive market without crowding out effects.
Islamic banking could take several measures to improve its stability and compete with conventional counterparts. As is usually the case in social sciences, the empirical tests conducted in our analysis have limitations. This study could be completed by incorporating other variables such as stock indexes and the age or experience level of banks, certainly more difficult to quantify, but which must be taken into account. By focusing on the ownership structure (control and cash flow rights), we could examine whether this structure affects banking risks (Laeven and Levin, 2009; Sanya and Wolfe, 2010) .
